In the framework of liberalization policies, a market information service (SIM) was created in 2008 in Togo. This public service entrusted in collecting and disseminating information about the mercurial of agricultural products aimed to improve the spatial integration of agricultural markets through the development of arbitrage. This paper assesses the impact of price dissemination on the spatial integration of maize markets. To this end, the weekly retail maize prices collected from 13 markets for the period without service ( To improve the efficiency of the service, it is necessary to understand the need of the sector's stakeholders in order to revise the current format of the market information service.
Introduction
In the past few years, most governments of the developing countries reduced their level of intervention on the market of the agricultural products. Many economists saw a means in this policy of deregulation to improve the effectiveness of the markets whose mechanism was disturbed by the strong public intervention. For this purpose, the market of cereals and specifically that of maize was liberalized in Togo in 1987.
The policy of liberalization is based on the principle that coordination by the market without any direct control of the government is a more effective organization. This policy aims to remove the various dysfunctions to make competition more dynamic in order to ameliorate the efficiency of the markets by facilitating arbitrage.
The arbitrage is defined as the exchange process between actors on different segments in the market with the objective to draw an advantage of the price differences exceeding the costs of transaction.
In other words, in a market economy, the actors react when they observe opportunities to realize profits with buying in an area where the prices are low and selling in an area where prices are relatively high. If arbitrage is effective, the price differences reflect transaction costs. In this case, the markets are integrated [1] .
Thus, the success of trade liberalization policy depends on the force of the agricultural markets to transmit the signals of price from an area to another. This transmission that is as fast as the markets are perfectly integrated. Among the regulatory instruments which improve the process of arbitrage, providing information on the conditions of supply and demand, especially on the evolution of products prices is crucial. This justified the creation in 2008 of the markets information system (SIM) charged to collect and diffuse weekly cereals prices by radio and television. The availability of information allows producers, traders and consumers to rationalize their buying and selling decisions.
So if the SIM in Togo participates primarily to a more comprehensive system of food security, its main objective remains regulation of agricultural markets by information. Yovo and Homevoh [2] had already highlighted the role of information in the agricultural products trade is particularly important in Togo because of the great variability in agricultural prices due to the problem of price transmission between urban and rural markets and the problem of market segmentation between the northern and the southern part of the country. In fact, with a stretched form, the country makes 600 km of length and only 26 km of east-west maximum width.
This paper analyzes the impact of the diffusion of the maize prices on the spatial integration of cereal markets in Togo. In fact, maize is the main food stuff among cereals marketed in Togo. More precisely, the article tries to answer the following questions: did the weekly diffusion of information on the maize prices improve integration of the urban markets and rural markets and between northern markets and southern markets? To respond this question, the article begins with an analysis of the role of information in the functioning of the market (section 2). Section 3 presents the methodology and data used to analyze the impact of SIM on the markets integration. Section 4 discusses the results, draws a conclusion and gives a direction for future research.
Literature Review

Theorical Framework
The modern economic theory places information in the center of the performance of the markets. In the theory of the competitive Walrasian general equilibrium, information concerning the scarcity of the resources is accessible to all the economic agents, this facilitates the optimal allocation of the resources. Thus, the price summarizes information. A high price indicates too short supply or too long demand, and vice versa. In other words, the equilibrium price transmits information to the economic agents and plays to some extent the part in signals of the market [3] - [6] . Grossman and Stiglitz [7] criticized the models of Greene and Lucas, and highlighted that if the price transmitted all information, it was not necessary to buy information or to diffuse it. But the fact is that in reality the markets often operate with asymmetric information, as is the case in developing countries. However, one of the lessons of the economy of information is that in an environment where information is asymmetric, the agents manage a risky situation which hampers the functioning of markets [8] . Two types of risk are generally quoted in the literature: the anti-selection also called adverse selection is a situation where the market is disturbed by the fact that a party knows better the characteristics of the goods exchanged at the time of signature of the contract and moral hazard is a situation in which one party called the principal cannot control the action of the other called agent or does not have the means to evaluate his opportunity.
When buyers imperfectly observe the quality of goods they want to buy, sellers have an incentive to overestimate the quality of their products and sell them at the highest possible price. The purchasers cannot thus trust the declarations of the sellers, nor to deduce that a high price means a good quality. In such situation, the sellers of goods of good quality which are worth indeed a high price, can have no possibility to sell their product at their true price insofar as the buyers doubt his quality. The price is any more a perfect signal of the value of the good and can no longer play its role in information.
Under these conditions, the competitive market cannot function effectively any more. The agent victim of a lack of information is likely to select a product which does not correspond to the displayed price, or requires a price so low that the good products are withdrawn from the market. It is what Akerlof [9] reveals for the market of the insurances where he shows that the "bad products drive out the goods". So let it do can have disastrous consequences: elimination of the good products, reduction or absence of exchange.
With regard to cereal markets, the existence of asymmetric information between buyers and sellers may provoke problems such as adverse selection and modify the nature of their transaction, or more generally, the process of arbitrage.
Asymmetric information about prices, quantities and quality is a barrier to trade between urban markets and rural markets as it hampers producers and consumers to rationalize their buying and selling decisions. This makes exchanges unequal. Consequently, the availability and accessibility of information leads to the reduction of transaction costs and oligopolistic markets which are often based on possibility for certain traders to detain specific information. Many failures in the arbitrage process among different markets can be explained by the concentration of information in the hand of these traders. In order to ameliorate the circulation of information, information services of agricultural markets have been promoted in several countries in transition [10] .
The function of the SIM is to collect information on the exchanges and to diffuse them among the public actors (State) and especially among private actors (producers, traders and consumers) for a better decision making. Market information can be regarded as a public good, particularly where there are numerous small farmers who are unable to pay for information.
For [10] - [12] , transparency in agricultural markets results in the following effects: • The farmers who receive the proper production incentives will adjust their production accordingly and will seize on market opportunities; • Lower transaction costs result in lower consumer prices, higher output prices;
• Information can improve the bargaining position of the weaker participants in a marketing system who are usually the smallholder farmers; • Easier access to markets for small producers result in increased marketable surplus;
• Competition is enhanced, resulting in fair prices and equity for all participants;
• Market information signals profit opportunities and thus creates incentives for market participants;
• Seasonal and erratic price variations will be reduced and arbitrage among markets will take place, thereby reducing price differentials between markets.
• In completely transparent and efficient markets, price differentials reflect only transaction costs (mainly transport costs) between markets; • Overall risk is reduced for all market participants, resulting in more stable markets, • Improved long term planning and investment decisions;
• Reduction of trader's opportunism and entry barriers and consequently the decline of actors rents.
• Improved government regulation of markets: better agricultural and marketing policies and public investments as governments will be adequately informed about market conditions and performance.
Empirical Framework
The publications those having addressed the real impact of SIM, especially in Africa are few. A study of 120 countries was notably conducted by FAO in the mid-90s [11] . The study found a low impact SIM called "first generation". According to the author, this impact would be small because the information provided is little used by the actors because:
• A poor quality and poor dissemination of information;
• The lack of usability of actors (credit, transportation-related contracts with traders, etc…);
• Incompleteness of information (product quality, product substitutes, public action);
• The fact that the information was already available (through the dealer network, the informal system) According to Egg [11] , the low impact of SIM of "first generation" can be explained either by technical weaknesses or by poor articulation with the SIM communication systems embodied in the markets themselves.
Bassolet and Lutz [1] also concluded the mitigated effect of the information system on the integration of sorghum markets in Burkina Faso. The authors showed that the prices issued by the information service were not determinants for the arbitrage of cereals traders. According to the authors' opinion, this is due to the quasigeneral ignorance about the day of price diffusion on the radio.
However, some encouraging impact of SIM on the markets functioning, or at least on the process of producer's decision making were reported in Mali [13] , Ghana, Uganda, Indonesia [14] .
The latter works are rather periodic reports than rigorous studies. These impacts are thus dubitative. Only an econometric assessment would be an objective, quantitative evaluation to draw a clear conclusion. This was what Bassolet and Lutz [1] did for Burkina Faso. Indeed, they used an econometric approach based on co-integration technique. Despite their popularity, co-integration models have been sharply criticized as tools to assess markets integration. Indeed since 1996, some economists have questioned the relevance of co-integration models as dynamic method to analysis market integration. They show that where trade between two markets is bidirectional, transaction costs are high and non-stationary, results from the co-integration techniques are biased and lead to erroneous conclusions. The main defenders of this school are: [15] - [20] . According to Mc New [17] , linearity of bivariate was inappropriate to test the integration of markets. Mc New and Fackler [18] showed that the price series on two integrated markets were not necessarily co-integrated.
Barrett [15] and Baulch [19] have had the merit of clarifying the problem by presenting a hierarchical classification of market integration analysis methods based on the nature of the data. The methods called level I which only used data on prices. These methods are described as significantly more likely to specification errors. Level II methods combine data on prices and transaction costs. Level III methods combine data on prices, transaction costs and trade flows. They provide more flexibility and possibility of inference. For example, the method "Parity bounds model", PBM, introduced by Baulch [19] using both price data and transaction costs were estimated by maximum likelihood. PBM's approach was adapted by Li and Barett [20] in a method called "Method Li-Barett" (LBM), which distinguished between market integration and equilibrium of the markets. This method used prices data, transaction costs and trade flows.
The analysis of the integration of maize markets with the methods of Level II and III is virtually impossible in the context of the present study because of the unavailability of secondary data on transaction costs and trade volumes among markets. In contrast, the level I method based only on the price series is still possible on the condition to specify the co-integration model correctly (see [1] [2] [24] - [30] ).
Methodology
The Model
To assess the impact of the diffusion of agricultural products mercurial on the functioning of the maize market, the model of Ravallion [21] is found appropriate to test thirteen markets integration. Ravallion model is a model of "autoregressive distributed lag". His econometric specification is as follows:
R is the price of the reference market and it is supposed to influence the price i P of the dependent markets i , i X represents a vector with other influences on the dependent markets i, ij a , 1 j b and i c , are parameters, it e expresses the residual, t indicates time and j is a lag.
Ravallion model will be estimated following the methodological framework suggested by Dercon [24] . It consists in estimating the Ravallion model in five steps.
The first step determines the order of integration of the variables analyzed. This step determines the number of times that a variable must be differentiated to become stationary. The test "Augmented Dickey Fuller" (ADF) is suitable for determining the order of integration.
The second step tests the hypothesis of co-integration between price series t P and t R . The two-step procedure of Engle and Granger [23] is generally recommended. However, in this study, we prefer the one-step method of Hendry in order to reduce bias risk [22] . The model is specified as follows:
Considering:
With ( ) 
Substituting (3) in (2), it follows: 
To assess the effect of the mercurial dissemination, we consider two periods: period 1, the period without mercurial dissemination and period 2, the period with the mercurial dissemination. For both periods 1 and 2, Equation (7) can be written respectively: 
Then Equation (9) becomes: (10) allows to test the co-integration of prices series and to assess the impact of mercurial diffusion on the long term market integration as follows:
Test of co-integration of prices series without mercurial dissemination Ho: 1 In other words, for this test the null hypothesis (Ho) should be rejected. The Granger causality test is applied to the reduced form of Ravallion model by including the error correction mechanism (ECM).
If prices are co-integrated, then the series of the Equation (11) are stationary and the standard distribution of F can be used to interpret the results of causality test as follows:
where:
In compliance with the theorem of Engle-Granger representation [23] , when two variables are co-integrated of order 1, the best representation of their short-term dynamics is the error correction model (ECM). Equation (12) below applied to the structural form of Ravallion model depicts the short-term price adjustment process.
( )
is the error term and λ is the coefficient of the error term. More this coefficient is low, less the speed of adjustment of prices is fast. Thus, when λ is close to 1, the system move quickly to its equilibrium.
This equation can be estimated with ordinary least squares (OLS) if 1t R ∆ is weakly exogenous, condition which is not met when markets are interdependent.
The fourth step of the analysis then consists in testing previously the exogeneity of 1t R ∆ before estimating Equation (12) by the OLS. It checks whether this variable is correlated with the residues of the model. This step is not a direct test of weak exogeneity but rather a test of the bias involved if OLS is applied despite the absence of weak exogeneity [24] . The test will be performed as follows:
1t R ∆ will be estimated in an auxiliary regression (13) using only weakly exogenous (lagged) variables ( ) 
, ,
MCE
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The exogeneity test once conclusive the fifth step is to test the integration of short-term using Equation (12) . It simulates the dynamics of the short term and allows verifying if the reference market signals are transmitted immediately to the dependent markets. This is tested by the simultaneous hypothesis H 0 :
Ho: The dynamic analysis assesses the degree and speed of adjustment of prices through the dynamic multipliers of the ECM. These are interpreted as the effect of change in price it P subsequent to change in an exogenous variable [25] . In Equation (13), the cumulative effect of a shock resulting from price change in the reference market ( ) 1 R on the price in the dependent market it P after k periods is given by:
The full adjustment of the dynamic process described by the MCE is given by the dynamic multiplier and long term is:
Like [25] composite index represented by the ratio between the degree and the speed of price adjustment can be generated. These indexes rank between 0 and 1, with 0 indicating a minimal integration and 1 a maximum integration.
Data
The data used are nominal In total, 13 markets are selected according to geographical, economic criteria and availability of data. The urban markets are represented by head of each economic region: Lome, Atakpame, Sokode, Kara and Dapaong; Lome, the capital, has the most important and regular deficits in maize despite the convergence of maize produced in the others regions. This is due to the concentration of the population whose main food staple is maize. Atakpame has the most important and regular surplus. It is the principal assembly and storage center for the country's cereals. This market provisions others urban markets through the wholesalers coming from the southern and northern regions of the country. The other cities have fair and irregular surplus. Because of these reasons, Lome and Atakpame are chosen as potential reference markets.
The dependent rural markets are markets in production zones. They are selected on the basis of the importance of the maize volume transaction they established with references markets as well as the availability of price series. They are Cinkasse and Gando in Savannas region, Ketao and Kabouin Kara region, Tchamba and Sotouboua in the central region, Anie and Amlame in Plateaux region (see the map of markets localization).
Results and Discussion
The objective of this work is to analyze the process of integration of maize markets in Togo in order to understand how it was affected by the diffusion of prices. Results is analyzed in accordance with the methodology in five steps namely the unit root test, co-integration test, the causality test , the test of endogeneity and short-term integration test . Table 1 shows the results of the unit root tests. The ADF test and Perron test, which takes into account the potential change in the trend after the 261th observation, do not reject the existence of a unit root in the series taken in level. Price series (see graphics in Annex 1) are not stationary. However, the ADF test for the price series in their first difference shows that the t-statistic is different from zero at the 1%. Price series are stationary in their first differences where they are integrated in order 1 (I1). 
Unit Root Test on the Prices Series
Co-integration Tests on the Prices Series
The price series are all being integrated of order 1, the second step is to check the existence of a long-term process of integration among the price series in different markets. To do this, we consider the radial structure of markets assuming Lome as the reference market. The co-integration test using the method of Hendry in one step gives the results shown in Table 2 . It appears that when considering Lome as the reference market, tests show that all markets are co-integrated at 5% regardless price dissemination. Indeed, the values β δ , α δ , ρ δ , which measure changes in the coefficients of co-integration, are not significant at 5% except in three cases: Dapaong, Anie and Cinkasse markets. The changes here can be interpreted as an improvement in the level of integration of these markets. However, at 1%, no change is noticeable.
When considering Atakpame as the reference market, the results of co-integration tests reported in Table 3 are similar to what is found for Lome. In fact, regardless the dissemination, all the markets except Ketao and Kabou are integrated to Atakpame. The values β δ , α δ , ρ δ , which measure changes in the coefficients of co-integration, are not significant at 10% except in three case: Amlame, Tchamba and Cinkasse markets.
It is instructive to note that Cinkasse market in both cases has improved its level of integration. This could be explained by the fact that cross-border traders from Cinkasse which is a cross-border market use price's information to improve their decision making. Before prices dissemination, the arbitrage process may be difficult due to the distance making more than 600 km from Lome.
As regard the results, it arises that the prices diffusion service has a marginal effect on long run markets integration. This suggests that the current mode of diffusion of the prices does not affect significantly the process of private trader's arbitrage.
This result remains, however, very general, and as regards recommendation of food policy its implementation will be very limited because of some concerns: which is the level of markets integration? Which is the direc- tion of the prices transmission changes? Is the transmission of a price change from reference market towards dependent markets immediate or delayed? Did the diffusion of the prices at least improve transmission speed of the prices change? To respond to these queries, we carry out the test of causality then analysis the short-term integration.
Test for Granger Causality
The third step is to determine the direction of causality prices interpreted as the direction of the price adjustment between the reference markets (Lome and Atakpame) and dependent markets. The reason for the choice of Lome and Atakpame as the reference markets is as aforementioned, their location respectively in the largest deficit and in the largest surplus regions.
To estimate the model (Equation (12)),we found useful methods to include a number of lags in order to take into account the delay effects due to slow price adjustments in an uncertain environment.
The results in Table 4 show that the direction of the price adjustment process presents a contrast between Lome and Atakpame. Indeed, when considering Atakpame as the reference market, the tests do not indicate a Granger causal effect for the majority of the markets. As for Lome, results are different. The values of the maize prices in Lome contribute significantly to predict prices on all the other markets at 5%; indicating that Lome plays the role of reference market in the network of markets studied. Consequently, only Lome will be considered in the rest of the analysis.
Test for Exogeneity
The fourth step of the analysis concerns the Hausman endogeneity test called Wu test (Table 5) . Following [24] , the residues of the auxiliary regression (13) were included as exogenous variable in Equation (14) before per- is not rejected at 1% for all markets, suggesting that OLS will not result in biased estimations.
Short Run Markets Integration
Ravallion model formulated as an error correction mechanism (ECM) is used to simulate the short-term market integration process. The model is estimated by taking the logarithm of the prices. The estimation results are presented in Table 6 . Statistically, it appears that the fit (R 2 adj) is relatively low: only 22% to 46% of the variation is explained. The unexplained variation is due to measurement errors and non-inclusion of non-price variables in the model. In addition, we must not forget that the majority of variables included in the models are estimated in difference, mitigating their effects [30] . However, the estimated ADL models are globally significant (high F statistics). Statistical tests also show no autocorrelation of errors. In sum, the estimated ADL models are valid and allow obtaining consistent estimators without bias. Table 6 shows that long-term adjustment prices speeds λ represented by the coefficients of P (−1) is significant for all markets but below the ideal value of −1. For the majority of markets, λ is less than 0.50, indicating that the dysfunction of the maize market, already mentioned by Yovo and Homevoh [2] persists. Dissemination of prices did not improve markets performance.
The second indicator for market functioning is 10 β . It is interpreted as the short-term speed of adjustment of prices or the rate of transmission of prices change from the reference market to dependent markets. Analysis of Table 6 shows that for all markets, 10 β is significant and varies between 23% and 58%. These values are much lower than ideal value of "1". Indicating that instant transmission, that is, during the month, the price change from Lome to dependent markets is low. The price change that occurs in Lome is transmitted with a delay. Indeed, the assumption of the integration of short-term market is rejected at the 5% level for all markets. It appears from above that the transmission of price changes from Lome to the dependent markets is not immediate and complete. Although the assumption of short-term integration is rejected, some markets are more integrated than others; therefore it is useful to understand the degree of market integration and price adjustment speed for the period covered by the prices dissemination. The speed of adjustment means the number of days, weeks or months that prices take to complete their adjustment. Dynamic multipliers and the speed of adjustment generated from the ECM are shown in Table 7 below.
The integration index is a composite index and measures the ratio: long-term multiplier/adjustment speed. The long-term multiplier measures the amplitude of the full price adjustment. The average amplitude for the period covered by the dissemination is 45%. The degree of integration is not perfect in the sense that the full adjustment consecutive to prices shock from a price change in Lome market does not reach 100% for all markets. Meanwhile, the time taken by the price to complete their full adjustment is about 3 months. As a result, the degree of market integration is 0.16. This index is well below the "ideal" value of 1 and almost identic to the value of 0.15 obtained by Golleti and Babu [25] for maize market in Malawi.
Conclusions, Policy Implication and Orientation for Future Research
In the framework of liberalization policies, a market information service (SIM) was created in 2008 in Togo. 10 This public service entrusted in collecting and disseminating information about the mercurial of agricultural products aimed to improve the spatial integration of agricultural markets through the development of arbitrage. This paper assesses to what extent the existence of this service contributed to the spatial integration of maize markets. The results show that the impact of price dissemination on the spatial integration of maize markets is mitigated. By reference to Lome, neither rural markets nor northern markets have significantly improved their level of long-term and short-term spatial integration. The prices diffused by the information service do not really contribute to improve the arbitrage process of maize traders. This moderate impact can be explained by the quasi-general ignorance about the existence and the utility of the information service.
For example, very few traders and mainly farmers know the day and the time of price dissemination on national television channel. Also, very few have access to television and new information and communication technologies. Moreover, the messages broadcast in French are not well understood by many actors, most of whom are illiterate. Usually, the information disseminated already exists through the use of mobile phones or through traditional communication channels. In which case, the current format of information service appears not to be relevant.
These results invite the Togolese authorities to improve the efficiency of the diffusion of information system. This implies that the delivery method of the mercurial should rather be improved and there should be more information collected and disseminated.
Specifically: • There should be more information collected and disseminated regarding the prices, the conditions of market demand and supply for each economic region of the country; • There should be price difference's data dissemination for each local market as well as the difference price's data with the neighboring countries, in a way that the exporters could be aware of their business opportunities.
• The information release frequency should be increased (for example, twice a week) with the use of the available media such as rural radio stations that communicate in local languages. These suggestions are not solely enough to increase the efficiency of the information service. There are other constraints that hamper the effectiveness of market integration. Indeed, despite the liberalization, the government through ANSAT continues to regulate cereals markets by buying and selling over the country. This public intervention is badly appreciated by traders and is a source of discouragement because it restricts trade with neighboring countries. So arbitrage opportunities are limited due to the thinness of local market. And as the quantities sold are relatively low, traders are not motivated to invest in the acquisition of information. Therefore, improving the efficiency of the operation of cereals markets also requires institutional innovation.
These recommendations, even relevant, are not enough to anticipate their impact in term of improving the efficiency of information service. An investigation is necessary to understand the need of the sector's stakeholders. This understanding should be supported by detailed surveys to determine the actual needs and information requirements of market participants. Such surveys can cover farmers, wholesalers, retailers, brokers and traders, exporters, extension services, government departments, and even consumers. The surveys will identify:
• the exact type of information each market participant requires;
• the format in which such information should be presented;
• the method or media choice for dissemination;
• how often information should be provided;
• at what time of day information should be disseminated;
• whether any market participants will require extension services or other education to ensure that they can understand and utilize information effectively.
